Leaf proteins obtained by coagulation at different pH were examined for their chemical composition and nutritional quality. Green juice was extracted from alfalfa, red clover, Italian ryegrass and oats and leaf protein was coagulated by heating the juice after adjusting the pH to 4 or 8-8.5, or without any adjustment of the pH (about pH 6). The mild alkaline juice from Italian ryegrass and oats did not cause the satisfactory coagulation but it was achieved with the addition of Ca salt to the juice before heating. There were no important differences in the amino acid compositions of the leaf proteins coagulated at different pH. Crude ash, Ca and Mg contents increased with an increase in pH of coagulation and the protein coagul ated at pH 8 had remarkably high contents of crude ash, Ca, Mg, Na and P in each crop. The leaf protein coagulated at pH 6, on the contrary, had a high content of true protein and low contents of nitrogen free extracts and nucleic acid as compared with those at pH 4 and 8. The pH of coagulation of leaf protein from alfalfa and red clover had no effect on the nutritional quality of the respective proteins. In Italian ryegrass and oats, however, the leaf protein coagulated at pH 8 was found to be nutritionally inferior to those coagulated at a lower pH. The data presented in this work support that in general, the leaf protein produced by heating the green juice without any adjustment of pH may be suitable for protein resources because of its desirable properties, i.e. high true protein content and good nutritional quality.
Significant developments have been made in the research on the manufac turing process to obtain and edible protein from the green juice separated by the fractionation of green crops, but a heat treatment of green juice is one of the most common methods. Subba Rau and Singh (1) showed that alfalfa leaf protein coagulated at pH 4-4.5 was nutritionally inferior to that coagulated by heating at 5.9-6.2. Livingston et al. (2) reported that the thermal coagulation of protein at pH 6 gave as much as a four fold increase in saponin over that in the protein coagulated at pH 8. It was further demonstrated by Hegsted and Linkswiler (3) that alfalfa leaf protein containing low saponin had a higher nutritive quality than that containing high saponin. In addition, Enochian et al. (4) has stated that the adjustment of green juice to pH 8-8.5 reduced proteolytic activity, stabilizes carotene and xanthophyll during processing and increases the firmness of coagulated curd . These results suggest that the thermal coagulation of leaf protein under mild alkaline conditions has several advantages over the coagulation of protein at pH 4-4 .5. However, these results and observations were based on the experiments conducted with the use of alfalfa as a green crop. The purpose of this study was to investigate the effects of pH coagulation on the nutritional quality of leaf protein with the use of several crops . Protein quality was evaluated by chemical analyses and biological tests . 
EXPERIMENTAL

RESULTS
AND DISCUSSION
Leaf protein preparation Ca and Mg contents in the green juice from each crop are shown in Table 1 . There were larger amounts of Ca and Mg in the green juice from legume crops (alfalfa and red clover) than in the original green juice from grasses (Italian ryegrass and oats). In particular, the Ca content in the green juice from legume crops is more than double that in the juice from grasses. Moreover, it was Qbserved that satisfactory coagulation was not caused by heat treatment in the original green juice adjusted to pH 8-8.5 from both grasses while the satisfactory coagulation of green juice from legume crops was achieved under the same conditions. The effect of addition of CaC12 to the pH adjusted (8.0-8.5) juice on the leaf protein coagulation was tested and the results are shown in Table 1 . The addition of Ca caused the coagulation of the green juice from the grasses, but the green juices from the grass and legume crops differed widely in the Ca requirement for effective coagulation. The satisfactory coagulation was caused at a high Ca concentration (261mg/100g juice) in the juice from Italian ryegrass while at a low Ca concentration (88mg/100g juice) in that from red clover. Accordingly, it may be conceivable that there are some other factors which affect the firmness of the leaf protein curd, such as the amount of conjugated lipids of leaf proteins, though the Ca concentration appears to be main factor which causes the formation of coagulum on heat treatment under Table 1 . Effect of Ca concentration (mg/100g juice) on the coagulation of green juice at pH 8-8.5.
a Green juice was tested for the formation of coagulum at pH 8-8 .5 by heating to 85°C for 10min. -, coagulation was not observed, or a finely dispersed coagulum which was difficult to separate by filtration; (+), partial coagulation; +, soft coagulum; + +, firm coagulum.
the mild alkaline condition.
Chemical composition
The chemical and mineral composition of freeze-dried leaf protein is shown in Table 2 . Alfalfa leaf protein coagulated at pH 4 contained a lesser amount of crude protein than the other two proteins. On the contrary, the pH 8-coagulated proteins from red clover, Italian ryegrass and oats gave the lowest value of crude protein, largely due to the co-precipitation of carbohydrates (N-free extract, NFE) and minerals. This tendency was marked for the grass crops, Italian ryegrass and oats, and the greatest differences in crude protein and crude ash were observed between pH 8 and the other pH levels for both grasses. The eighth column in Table 2 indicates that the Ca contents in the pH 8-coagulated proteins from grass crops were significantly higher than those in the pH 8-coagulated proteins from legume crops. Therefore, the remarkably high content of crude ash in the pH 8-coagulated proteins from the grasses was attributed to the co-precipitation of the added Ca salt in the green juice.
As can be seen from Table 2 , in each crop, the pH 6-coagulated protein contained a higher amount of crude fat and a lower amount of NFE than the leaf proteins coagulated at pH 4 and 8, excluding NFE in alfalfa leaf protein. The amount of NFE in alfalfa leaf proteins coagulated at pH 6 and 8 was very low as compared with that of the pH 4-coagulated protein. Alfalfa may be different from the other crops in the type of NFE compounds of leaf protein.
It will be also noted from Table 2 that Ca, Mg and P contents increased with the EINS 615 a Crude ash includes Ca salts originated from the added Ca in green juice . b A large portion of Ca and Na was originated from the added CaCl2 and NaOH in the green juice. Table 3 . Chemical composition of acetone-washed leaf proteins (% on dry-weight basis).
a Crude ash includes Ca salt originated from the added Ca in green juice .
increasing pH of coagulation, excluding the P content of oats. Such a tendency was not observed in K and Na contents, but the highest content of Na was found in the pH 8-coagulated proteins. It is apparent that the mineral content of leaf proteins depends on the ion binding capacity of the proteins and on the amount of salts which are co-precipitated with the protein from the green juice as a result of the effect of pH on the solubility of salts. The chemical composition of acetone-washed leaf proteins is presented in Table 3 . It is observed that crude protein, NFE and crude ash contents in the acetone-washed leaf proteins varied with the pH of coagulation in a similar manner as those in the freeze-dried leaf proteins. It will be observed, however, by comparing figures in Table 2 with the corresponding figures in Table 3 that washing of the wet protein curd with acetone caused a great increase in the crude protein content of leaf protein preparation, while the same treatment caused only a small variation in NFE and crude ash contents. It can therefore be presumed that the acetone-washing treatment not only removed most of the crude fat but also some of the NFE and crude ash. Table 3 also shows that in each crop, the pH 4-coagulated protein contained a higher amount of nucleic acid while the pH 6-coagulated protein contained a lower amount.
Amino acid composition
The amino acid contents of various acetone-washed leaf proteins are given in Table 4 . No major or significant differences were found among the leaf proteins coagulated at different pH. Furthermore, as pointed out by many workers (11, 12) , there was a similarity in the amino acid composition of the various leaf proteins obtained from different crops. The second row from the bottom in Table 4 shows the yield of nitrogen per cent which was obtained by the summation of amino acid nitrogen as % of total nitrogen in each leaf protein and is a useful check for the contamination of non-protein nitrogen compounds in a protein material. The yield for the pH 4-coagulated protein was lower than those for the proteins coagulated at pH 6 and 8, excluding alfalfa. Such lower yields for the pH 4-coagulated protein may be associated with a larger amount of nucleic acid and other non-protein nitrogen compounds in them. The value calculated by multiplying the crude protein content by the yield of nitrogen per cent was tentatively taken as the true protein value and the values are presented on the last row of Table 4 . It is noted that the pH 6-coagulated protein had the highest value of true protein in each crop.
Biological test
The growth data, apparent digestibilities and PER values obtained with the acetone-washed leaf proteins are shown in Table 5 . In the case of legume crops, alfalfa and red clover, there were no differences in the growth performance of rats fed on the leaf proteins coagulated at different pH from each crop. Livingston et al. (2) pointed out that the saponin content of alfalfa leaf protein prepared at an alkaline pH was lesser than that of leaf proteins prepared at a lower pH. The alfalfa leaf proteins used for our experiment were prepared by washing the wet leaf protein curd with acetone and accordingly, it is probable that the pH 4-coagulated protein contained a small amount of saponin as the pH 8-coagulated protein. In other words, it can be concluded that the reverse effect of saponin on the nutritional quality of the leaf protein washed with acetone was negligible. Therefore, the nutritional quality of acetone-washed leaf proteins made from the legume crops was not influenced by the pH of coagulation.
In Italian ryegrass, the PER value of the pH 6-coagulated protein was significantly lower than that of the pH 4-coagulated protein but the difference between the values of the two proteins was very small. On the other hand, significant differences in body weight gain, apparent digestibility and PER value between the leaf proteins coagulated at pH 4 and 8 were observed. The pH 8 -coagulated protein made from oats was significantly different in apparent digesti bility from the proteins coagulated at pH 4 and 6. It seems reasonable to presume that the depression of the nutritional quality of the pH 8-coagulated proteins was due to the remarkable high content of crude ash in it. Table 6 shows the quantity of feces voided and crude ash content in feces of rats fed on various leaf proteins made from red clover, Italian ryegrass and oats. It is indicated that the quantity and ash content of feces of rats fed on the pH 8-coagulated proteins made from Italian ryegrass and oats were remarkably larger than those of rats fed other leaf proteins, while the feeding of the pH 8-coagulated protein from red clover caused only a higher ash content in feces. These results suggest that the addition of a large amount of Ca salt into the green juice to induce the coagulation of leaf protein under the mild alkaline condition caused the depression of nutrional quality of the coagulated protein.
The data presented in this work support that in general, the leaf protein produced by heating the green juice without any adjustment of pH may be suitable for protein resources because of a high true protein content and good nutritional quality.
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